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[571 ABSTRACT 
Power-processing unit uses AC buses (30,32) to supply 
all current dependent needs such as connections (54,56) 
to an ion thruster through an inductor (88) and the 
primary of a transformer (go), to assure limited currents 
to such loads. Where temperature control is also re- 
quired, such as to the main discharge vaporizer heater 
connection (36, 38), switches (100, 102) are serially 
connected with inductor (96) and the primary of trans- 
former (98). Temperature sensor (104) controls the 
switches (100, 102) for temperature regulation. 

11 Claims, 11 Drawing Figures 
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cathode heater and the main discharge vaporizer heater 

FIG. 6 is a more detailed electrical schematic show- 
The invention described herein was made in the per- ing the voltage supply to the screen and accelerator 

formance of work under NASA Contract No. NAS3- 5 electrodes, corresponding to the similar portion of FIG. 
22447 and is subject to the provisions of Section 305 of 1; 
the National Aeronautics and Space Act of 1958, 42 FIG. 7 is similar to FIG. 2, showing the neutralizer 
USC 2457. vaporizer temperature control; 

FIG. 8 is a more detailed schematic of the similar 
10 portion of FIG. 1, showing the current supply to the 

neutralizer keeper; 
FIG. 9 is the Same as FIG. 10 and they respectively 

show the power supply for the neutralizer cathode 
heater and the neutralizer vaporizer heater in more 

POWER-PROCESSING UNIT power supplies; 

BACKGROUND OF THE INVENTION 
This invention is directed to a power-processing unit 

for receiving unregulated power and supplying power 
to various needs, particularly for an ion thruster. 

Ion thrusters have a plurality of different electrical 
needs. Since ion thrusters are used in spacecraft, it is 15 detail in the corresponding portions of FIG.l; and 
desirable to minimize the weight of the power unit 
which supplies these needs and at the same time main- 
tain adequate reliability for maximizing the spacecraft 
reliability. Previous power-processing units were prin- 
cipally digital in the nature of the control thereof, and 2o 

thruster connected thereto was in software. This re- 
suited in a complex, weighty, and physically large pow- 
er-processing unit system. The prior power-processing 
unit had approximately ten times more parts and, ac- 
cordingly, weighed more and cost more. Thus, there 
was need for an improved power-processing unit which 
was lighter, smaller and more reliable. 

SUMMARY O F  THE INVENTION 
In order to aid in the understanding of this invention 

it can be stated in essentially summary form that it is 

FIG. 11 is a schematic showing the connections to 
the ion thruster* 

DETAILED DESCRIPTION O F  THE 
INVENTION 

generally indicated at 10 in FIG. 1. FIG. 1 is divided 
into several subsections which are shown in more detail 
in other figures of the drawing. FIG. 11 shows the ion 

25 thruster 12 which is the preferred load for the power- 
processing unit 10. Similar considerations may be em- 
ployed for other loads but the power-processing unit 10 
is described in connection with this particular load. 
Thus, the power-processing unit 10 is employed on a 

30 spacecraft and the input power for the power-process- 
ing unit comes from onboard-power sources, such as 
batteries and,or solar-ceil arrays. In the present in- 
stance, buses 14 and 16 are primary buses which are 

the management of the power-processing unit and the The power-processing unit lo of this invention is 

directed to a power-processing unit particularly for 
supplying 
current responsive requirements of the thruster are 

supplied from solar-cell arrays. DC to DC regulator 18 
power to an 'on thruster, wherein the 35 is controlled by pulse-width modulator 22. The output 

from the pulse width modulated converter 18 provides 
controlled by inductive current regulators in AC SUPPlY regulated DC power in buses 24 and 26. These buses are 
legs. connected to a DC to AC inverter 28 controlled by an 

It is thus a purpose and advantage of this invention to oscillator in pulse width oscillator. Inverter 28 has its 
provide a power-processing unit which is compara- 4o output in regulated AC buses 30 and 32. 
tively small in size, weight and parts count, while high The ion thruster 12 in FIG. 11, is a Kaufman thruster 
in reliability SO that the power-processing unit can be and has several power needs. The incoming liquid metal 
employed to SUPPlY the requirements of an ion thruster fuel such as cesium or mercury which is used as the 
in a spacecraft. propellant, must be vaporized at the porous plug in the 

It is afurther Purpose and advantage of this inyention 45 liquid metal fuel in the thruster feed line. The vaporizer 
to Provide a Power-ProcessW% unit for suPPlYW the plug is heated by heater 34, which is supplied by supply 
power needs of an ion thruster wherein the current lines 36 and 38. When a gaseous fuel such as xenon is 
regulated requirements are controlled by an inductor in employed, the vaporizer and heater are not necessary. 
an AC leg, and wherein the high voltage requirements Similarly, cathode heater 40 is supplied by cathode 
of the screen and accelerator electrodes are supplied 50 heater supply lines 42 and 44. Main keeper 46 is supplied 
from the same transformer, with voltage and current by main keeper supply lines 48 and 50. Anode 52 is 
sensing on the primary of the transformer. supplied by anode supply lines 54 and 56. Screen elec- 

Other purposes and advantages of this invention will trode 58 is fed by screen supply lines 60 and 62 while the 
become apparent from a study of the following portion accelerator electrode 64 is fed by accelerator electrode 
of the specification, the claims and the attached draw- 55 supply lines 66 and 62. These are the required portions 
ings. of the ion thruster system which require corresponding 

power supplies for the operation of the ion thruster. 
In order to prevent charging of the spacecraft, neu- BRIEF DESCRIPTION O F  THE DRAWINGS 

FIG. 1 is an electrical block diagram of the power- tralizer 68 is associated with the thruster to provide 
processing unit of this invention; 60 electrons which neutralize the charge of the ions ex- 

FIG. 2 is a more detailed electrical schematic of the pelled from the thruster to create thrust. Neutralizer 68 
control logic and the discharge of vaporizer tempera- is illustrated in FIG. 11. Neutralizer 68 has some similar 
ture control portion of the circuit of FIG. 1; requirements to the ion thruster. The supply of mercury 

FIG. 3 is a more detailed schematic of the current or other fuel to the neutralizer requires vaporization. 
supply to the main discharge and main discharge 65 Neutralizer vaporizer heater 70 performs this function 
keeper, as seen in the corresponding portion of FIG. 1; and is supplied by neutralizer supply lines 72 and 74. 

FIG. 4 is the same as FIG. 5, and they respectively The neutralizer cathode is heated by neutralizer cath- 
show more detailed circuitry of the main discharge ode heater 76 which is powered by neutralizer cathode 
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ture is reached, the power supply reduces power to the 
vaporizer by reducing the on-to-off duty cycle ratio to 
about 85% on-time. The temperature sensor BO4 and 
bridge 106 are set to maintain the temperature for nor- 

5 mal operation. After ignition, the normal running duty 
cycle set point is about 60% on-time and is a function of 
sensed temperature. Secondary 116 of transformer 94, 
see FIG. 3, senses the voltage to the discharge keeper 
and emits a signal on line 118. That signal goes to logic 

10 module 120 (which includes pulse width modulator 121) 
which is connected by line 122 to resistor 124. The 
resistor has a potential on it which offsets the bridge 106 

heater supply lines 78 and 80. In addition, neutralizer 
keeper 82 is supplied by neutralizer keeper supply lines 
84 and 86. 

There is a great deal of similarity in the functional 
requirements of the various loads. Each of the described 
loads, except the screen electrode and the accelerator 
electrode supplied by the power supply of FIG. 6, is a 
current regulated supply. The requirement in each of 
those cases is for energy control to the heater. The 
buses 30 and 32 are regulated AC buses which, in FIG. 
3, are serially connected through current limiting induc- 
tor 88 and the primary of transformer 90. The output of 
the secondaryof that transformer is rectified to supply to offset the sensed temperature. In this way, the tem- 
the thruster discharge current in lines 54 and 56. Induc- perature controller can operate at either duty cycle. 
tor 88 is chosen so that its impedance is large compared 15 When the current to the main discharge keeper 46 indi- 
to the load impedance. Therefore, the load impedance cates ignition, the set point is changed so that the fuel 
can vary over a wide range without significantly chang- supply is delivered at the run duty cycle. 
ing the circuit current. The load can vary from a short A relatively high potential must be applied to screen 
to several times nominal without significant effect on electrode 58 and a different relatively high potential 
the load current. In the lower half of FIG. 3, impedance 20 applied to the accelerator electrode 64. FIG. 1 shows 
92 is serially connected with the primary of transformer the general arrangement of the circuitry and FIG. 6 
94 and the output of the secondary of that transformer shows the circuitry in detail. Unregulated DC bus 14 is 
is rectified to supply lines 48 and 50 with current for the connected to the center tap of the high voltage trans- 
discharge keeper. former 126. Secondaries 128 and I30 are respectively 

The supply of power to the discharge cathode heater 25 connected through rectifier bridges 132 and I34 to sup- 
40 and the supply of power to the discharge vaporizer ply lines 60,62 and 66 to supply the screen and accelera- 
heater 34 are the same and the latter is illustrated in tor electrode potential requirements. With both of these 
FIG. 5. As is seen in FIG. 1, circuitry identical to the secondaries connected to the same transformer in the 
FIG. 5 circuitry is employed to power the discharge appropriate turns ratio, the primary I36 of the trans- 
cathode heater 40. Therefore, only the power supply of 30 former can be controlled by a single controller to pro- 
FIG. 5 to the discharge vaporizer heater 34 need be 
discussed in detail. Similarly to FIG. 3, the AC regu- 
lated buses 30 and 32 are serially connected through an 
inductor 96 and a primary of transformer 98. The output 
of the secondary of transformer 98 is rectified to pro- 
vide power to the discharge vaporizer heater supply 
lines 36 and 38. In addition, chopping transistors 100 
and 102 are serially connected with the primary trans- 
former coil to on and off switch the primary current. 
The transistor switches are controlled by the control 
system illustrated in FIG. 2, by the signals in lines I12 
and 114. 

In the preferred embodiment of thruster for which 
the power-processing unit of this invention is provided, 
mercury is supplied as the mass to be ionized and ex- 
pelled. Mercury can be conveniently stored in liquid 
form but it needs to vaporize before ionization. The 
vaporizer is a heated porous plug with the liquid mer- 
cury in contact with the input end thereof and with the 
heater 34 in thermal contact with the plug so as to heat 
the plug. The rate of mercury boil-off is a direct func- 
tion of plug temperature. The mercury vapor resulting 
from the boil-off passes through the plug and is the 
vaporized mercury supplied to the thruster. Thus, tem- 
perature control of the plug controls the rate of vapor- 
ized mercury fuel flow to the thruster. Temperature 
sensor 104 is directly associated with the plug to sense 
the temperature thereof. Since the temperatures are 
high, a resistive temperature sensor is employed and is 
connected into bridge 106 which has its output con- 
nected through temperature error amplifier 108 and 
duty cycle controller 110 to provide output control 
signals in lines 112 and 114, see FIGS. 2 and 5, which in 
turn control the power switches for the heater. 

There are three modes of operation of the vaporizer. 
For starting duty cycle, full power is applied to the 
heater to reach the higher temperature required to sup- 
ply fuel for starting purposes. When starting tempera- 

vide the desired screen and accelerator electrode poien- 
tials. Transistor switches 138 and 14-0 are choppers 
which are controlled by control module 142 to provide 
the desired output potential. Sensor coil 144 is con- 

35 nected to respond to the magnetic flux in the high volt- 
age transformer 126 to thus have an output signal which 
corresponds to the secondary potential. The voltage 
sensing signal from coil 144 is rectified and is sent back 
to control module 142 through line 146. In this way, a 

40 constant potential is maintained on the screen and accel- 
erator electrodes. 

Current sensing is provided to control module 142 by 
sensing resistor 141 to shut down the switches 138 and 
140 in the event of a down-circuit fault. Input line 143 

45 provides a signal that the discharge keepers are operat- 
ing which indicates the high voltage supplies to the 
screen and accelerator electrodes can be actuated. 

The requirements of the neutralizer keeper 82 are the 
same as the requirements of the main discharge keeper 

50 46. Therefore, the power supply in FIG. 8 is the same as 
the power supply in the lower half of FIG. 3. Of course, 
the components are of selected value to control the 
current at an appropriate level. Similarly, the require- 
ments of the neutralizer cathode heater 76 are the same 

55 as the requirements of the main discharge cathode 
heater 40. Therefore, the neutralizer cathode heater 
power supply of FIG. 9 is the same as the one in FIG. 
4, which in turn was described with respect to FIG. 5. 
Additionally, the neutralizer vapor heater power supply 

60 of FIG. 10 is the same as that described with respect to 
FIG. 5, but with appropriate current and temperature 
criteria for that requirement. 

The control for the temperature regulation in FIG. 10 
is accomplished by the circuitry of FIG. 7 and has out- 

65 put Iine 148 which controls the chopping transistors in 
FIG. 10. The temperature sensor 1150 is positioned at the 
vaporizer and the set point of its bridge is controlled by 
the sensor coil 152, see FIG. 8, which has its output in 
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lines 154 and 156. In this way, the set point of the tem- 
perature controller of the neutralizer vaporizer heater is 
managed both in accordance with temperature and in 
acccordance with start mode or run mode consider- 
ations. 5 

This invention has been described in its presently 
contemplated best mode and it is clear that it is suscepti- 
ble to numerous modifications, modes and embodiments 
within the ability of those skilled in the art and without 
the exercise of the inventive faculty. Accordingly, the 10 
scope of this invention is defined by the scope of the 
following claims. 

What is claimed is: 
1. A power-processing unit comprising: 
a pair of alternating current buses for connection to 15 

supply alternating current power; 
a plurality of power supply circuits each consisting of 

a serially connected inductor and a transformer 
primary connected between said buses, said circuits 
each also comprising a transformer secondary mag- 20 
netically coupled to each said transformer primary, 
a rectifier connected to each said transformer sec- 
ondary so that each of said secondaries can be 
connected to a load in an ion thruster for supplying 
a current limited direct current thereto; 

at least one serially connected second inductor, sec- 
ond transformer primary and switch connected 
between said buses, a second transformer second- 
ary magnetically coupled to said second trans- 
former primary and second rectifiers connected to 30 
said second transfomer secondary to supply a cur- 
rent limited load, a temperature sensor connected 
to said switch to control said switch in accordance 
with sensed temperature of the load so that the load 
connectable to said second transformer secondary 35 
is current limited and powered in accordance with 
sensed temperature; 

a pair of unregulated DC buses for connection to a 
substantially unregulated DC source and con- 
nected thereto is a DC to DC regulator for provid- 40 
ing current at a substantially constant voltage and 
connected thereto is a DC to AC inverter for sup- 
plying alternating current at a substantially fixed 
frequency and voltage, said alternating current 
buses being supplied by said DC to AC inverter; 45 
and 

including a high voltage power supply having sepa- 
rate transformer secondaries for connection to a 
screen and an accelerator electrode of the ion 
thruster for applying potential thereto, said high 50 
voltage supply receiving power from said unregu- 
lated D C  buses and having a high voltage trans- 
former primary therein, said primary being con- 
nected to said buses through a pulse width modu- 
lated switch so that the output voltages of both said 55 
high voltage secondaries are controlled. 

25 

2. A power-processing unit comprising: 
a pair of alternating current buses for connection to 

supply alternating current power; 
a plurality of power supply circuits each consisting of 60 

a serially connected inductor and a transformer 
primary connected between said buses, said circuits 
each also comprising a transformer secondary mag- 
netically coupled to each said transformer primary, 
a rectifier connected to each said transformer sec- 65 
ondary so that each of said secondaries can be 
connected to a load in an ion thruster for supplying 
a current limited direct current thereto; 

149 
6 

at least one serially connected second inductor, sec- 
ond transformer primary and switch connected 
between said buses, a second transformer second- 
ary magnetically coupled to said second trans- 
former primary and second rectifiers connected to 
said second transfomer secondary to supply a cur- 
rent limited load, a temperature sensor connected 
to said switch to control said switch in accordance 
with sensed temperature of the load so that the load 
connectable to said second transformer secondary 
is current limited and powered in accordance with 
sensed temperature; and 

including a high voltage power supply having sepa- 
rate transformer secondaries for connection to a 
screen and an accelerator electrode of the ion 
thruster for applying potential thereto, said high 
voltage supply having a high voltage transformer 
primary therein, said primary being magnetically 
coupled to said secondaries and connected through 
a modulated switch so that the output voltages of 
both said high voltage secondaries are controlled. 

3. A power-processing unit for providing the electric 
power requirements of an ion thruster, said power-proc- 
essing unit comprising: 

a pair of AC buses; 
at least first and second current regulated power 

supplies, each of said first and second current regu- 
lated power supplies having a serial connection 
consisting of an inductor and a transformer pri- 
mary connected to said buses, each said trans- 
former primary having associated therewith a 
transformer secondary, and rectifiers connected to 
said transformer secondaries to provide current 
limited DC for connection to a main discharge and 
a main discharge keeper of the ion thruster; 

at least first and second temperature controlled and 
current limited power supplies, each of said tem- 
perature regulated and current limited power 
supplies having a circuit consisting of an inductor, 
a transformer primary and a switch, control means 
connected to each said switch for controlling said 
switch in accordance with a desired temperature, a 
transformer secondary associated with each said 
transformer primary and rectifiers connected to 
each said transformer secondary so that said cur- 
rent regulated and temperature controlled power 
supplies are for connection to a discharge keeper 
heater and a discharge vaporizer heater of the ion 
thruster; and 

a high voltage supply for connection to screen and 
accelerator electrodes of the ion thruster, said high 
voltage power supply having a transformer and a 
switch for connecting said high voltage trans- 
former to an electric source, said high voltage 
transformer having first and second secondaries for 
respective connection to screen and accelerator 
electrodes, rectifiers connected to the output of 
said high voltage transformer secondaries for recti- 
fying the current to the electrodes, a sensor coil in 
said high voltage transformer to sense the magnetic 
field therein, said sensor coil being connected to 
control said switch to provide a substantially con- 
stant voltage at said first and second secondaries. 

’ 4. The power-processing unit of claim 3 wherein a 
temperature sensor is positioned adjacent the discharge 
vaporizer heater of the ion thruster, said temperature 
sensor being connected to control said switch in the 
primary circuit for providing current limited and tem- 
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perature controlled power to the discharge vaporizer 
heater. 
5, The power-processing unit of claim 4 wherein said 

temperature Sensor is connected in bridge, and a coil is 
connected to 
former in said temperature controlled power supply and 

normal current is sensed in said transformer. 

controller for controlling said switch is connected to 
the primary of said high transformer, said con- 
troller being a pulse width modulated controller to 
control the Output voltage for connection to the screen 
and accelerator electrodes. 

7. The power-processing unit of claim 3 wherein a 
DC bus is connected to said switch in series with said 
high voltage transformer primary. 

8. The power-processing unit of claim 7 wherein a 
controller for controlling said switch is connected to 
the primary Of said high voltage transformer, said con- 
troller being a Pulse width modulated controller to 

the magnetic activity in said trans- 5 control the output voltage for connection to the screen 
and 

cluding a current limited power supply for connection 
to a neutralizer keeper on the ion thruster. 

including a current limited and temperature controlled 

the ion thruster. 

is connected to said bridge to offset said bridge when 9. The power-processing unit Of further in- 

6.  The power-processing Of wherein a 10 10. The power-processing unit of claim 9 further 

heater for connection to the neutralizer keeper heater of 

11. The power-processing unit of claim 10 further 
15 including a current limited and temperature controlled 

power supply for connection to the neutralizer vapor- 
izer heater of the ion thruster. * * * * *  
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